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Materials and Methods
Methotrexate (MTX), a folic acid antagonist, currently used as a disease modifying anti-rheumatic drug (DMARD) along with non-steroidal anti-inflammatory drugs (NSAIDs) to provide the best possible relief to rheumatoid arthritis patients in low doses (2.5 mg -15 mg/week) [1] . Rheumatoid arthritis is a chronic, systemic, autoimmune, inflammatory disorder of humans and animals like dog and horse which primarily affects joints resulting in non-suppurative proliferative synovitis [2] . Methotrexate is also used alone or in combination with other anticancer agents in the treatment of breast cancer, epidermoid cancers of the head and neck and lung cancer [3] .
With the widespread use of methotrexate, a welldefined toxicity profile has emerged [4] . Methotrexate exerts its primary toxic effects against the rapidly replicating cells of the bone marrow and gastrointestinal epithelium producing leucopoenia and thrombocytopenia. Long term administration of the same causes anaemia. Methotrexate also causes kidney damage, which is a frequent complication of high-dose therapy. Both low and high-dose therapy can cause hepatotoxicity. High-dose therapy results in elevated liver enzymes and low dose therapy produces a different type of hepatotoxicity which includes cirrhosis. Methotrexate at very low dosage affects the liver and causes changes in histology of liver in rat [5] . Other frequently reported adverse toxic effects are malaise, nausea, vomition, diarrhoea, headache, mild alopecia and fever [6] .
Toxic side effects of methotrexate have been demonstrated in various animals including rat, mice, rabbit and dog. Methotrexate seems to be hepatotoxic, nephrotoxic and toxic to respiratory and reproductive system at very low doses for continuous therapy. The present study was conducted to examine the subacute toxicopathological effects of methotrexate in Wistar rats.
of Veterinary College, Anand Agriculture University has accorded permission for conducting this biological trial.
Study was conducted on colony-bred 7-8 weeks old, adult male and female albino wistar rats, procured from Division of Pharmacology and Toxicology, Cadila Pharmaceuticals Limited, Dholaka, Gujarat, India. The rats were housed in laboratory animal house in polypropylene cages and weighed weekly during the study. Feed and distilled water were provided All the 48 rats were randomly divided into 4 different groups. Each group consisted of 6 male and 6 female rats. The groups were numbered as group I to IV. The group I served as control and received only vehicle (Distilled water), while group II, III and IV received methotrexate at doses of 0.062 mg/kg (low dose), 0.125 mg/kg (mid dose) and 0.250 mg/kg (high dose) respectively by oral gavage for 28 days of dosing period. At the end of 28 days . termination of experiment, all the rats were subjected to terminal sacrifice by high dose of anesthesia with Di-ethyl ether, after blood collection from retro-orbital plexus with the help of capillary tube as described by Sorg and Buckner [7] .
Hematological parameters were analyzed by automatic whole blood analyzer like TLC, DLC, TEC, Hb, PCV, MCV, MCH and MCHC.
Biochemical estimations were carried out by using diagnostic kits (Merck Limited, India Ecoline Range) regarding AST, ALT, AKP, Serum creatinine, BUN, Total protein, Albumin and Globulin (Calculated).
Tissue samples from liver, kidney, lung, spleen, heart, intestine and testes were collected and preserved in 10% neutral buffer formalin for further histopathological examination.
Male and female animals of group I (control) and II did not reveal any symptoms attributable to the 28 days administration of methotrexate. Two male and one female were found to be diarrhoeic in last week of experimental period in group III animals. Signs like dullness and lethargy were noticed in seven rats (four male and three female) of group IV animals. Two animals revealed diarrhoea in third week of experiment in high dose group whereas all other animals were found to be diarrhoeic in last week of experimental period in group IV animals.
Increase in live body weight was found in the male and female rats of group I (control) from 0 to 28 day of exposure. While methotrexate treated rats of group III and IV showed weight loss on seventh day onward, there was no significant (p <0.05) change observed in body weight of male and female rats belonging to group II as compared to the respective control group I rats. The most significant (p < 0.01) dose dependent reduction in body weight in male rats at 28 day of experiment was observed in group IV (255.05 g) followed by significant reduction in group III (335.33 g) as compared with control group I (368.53 g) rats. In the treatment groups of female rats also, the dose dependent reduction in body weight gain was observed in last week of experiment as compared to the control group except group II.
Dose dependent highly significant (p < 0.01) reduction in mean values of feed consumption was observed throughout the experiment in group III and IV as compared to control group rats.
Hematological study revealed that there was a highly significant reduction (p< 0.01) in RBC, Hb, PCV, WBC, neutrophil, lymphocytes of group IV males and in RBC and WBC of group IV females. A significant increase (p< 0.05) was also observed in MCV, MCH of group IV males, WBC and neutrophils of group III males, Hb, PCV, MCV, MCH, neutrophils, lymphocytes of group IV females and WBC of group III females. The rest of the rats from group II and III did not reveal any significant change in the above mentioned parameters as compared to control rats. No rat was observed with any significant change in MCHC, monocytes, basophils and eosinophils as compared to control rats (Table-1a, 1b).
There is a highly significant increase (p< 0.01) observed in AST, ALT, AKP, Creatinine, BUN, total protein and albumin of group IV male and female rats and significant change (p< 0.05) observed in male and female rats of group III (Table-2a and 2b ). There was no significant change observed in globulin value in any of the groups.
Grossly, no appreciable changes were observed in group I (control) and group II rats while liver was larger, pale and fatty in treatment group III and IV with mild to moderate congestion on its surface.
Histopathological changes in liver of rats treated ad libitum.
i.e with different dose levels revealed dose dependent variation in degeneration as well as vascular changes.
Mild to moderate granularity of hepatocytes and fatty changes were observed in the animals of group III. Animals of group IV showed vacuolar degeneration and the central vein was dilated and congested.At some places, sinusoids were found dilated and pronounced scattered hemorrhages with distortion of hepatic cords in glomeruli, there was increased space between the parietal and visceral layers of Bowman's capsule and focal infiltration of mononuclear cells. In group III and group IV rats, in addition to degenerative changes, moderate to severe vascular changes characterized by hemorrhages in between the tubules were observed. Grossly, testes of group IV rats were swollen and showed bulging at cut surface, unlike in group I, II and III. The testes of rats of group IV showed mild atrophy of seminiferous tubules and mild to moderate sloughing of germ cells (Figure-4) . No histopathological lesions were observed in testes of rats of group I, II and III.
No histopathological lesions were observed in epididymis of rats of control group I, II and III. The histopathological lesions observed in epididymis of rats of group IV showed reduced sperm concentration in epididymal tubules (Figure-5) .
Gross lesions in lung were mainly characterized by mild to moderate congestion and emphysema in rats belonging to group III and IV as compared to group II and control. Microscopic changes in lungs of group III animals revealed congestion and hemorrhages in the alveoli. Besides these, pulmonary emphysema characterized by distension and dilatation of alveoli was also evident at some places. Microscopically emphysema, thickening and mononuclear cell infiltration in interstitial space ( Figure-6 ) and focal haemorrhages were noticed in the animals of group IV.
No gross pathological lesions were observed in any of the treatment group except mild congestion and enlargement of spleen with varying degree of deposition of haemosiderin pigments ( Figure-7 ) in few animals of group IV as compared to the control.
No gross lesions were seen in group I (control) and group II animals unlike group IV which showed mild congestion in mucosa. The microscopic lesions were characterized by desquamation and denudation of surface epithelium of the villi leading to erosions and necrosis. The necrotic area on the villi showed neutrophilic infiltration ( Figure-8 ) in group IV rats. Section of intestine from group I (control), II and III animals did not reveal any histopathological changes.
It was found in present study that high dose of methotrexate causes gastrointestinal toxicity in rats which resulted in diarrhoea and nasal bleeding. Similar results were also reported by Ermens .
[8] and Boukhettala [9] . In the present study, clinical signs like dullness and lethargy developed as there was decrease in feed consumption and body weight due to methotrexate toxicity. Group III and IV animals showed diarrhoea, the possible reason for these could be corrosive and irritating effects of methotrexate on gastrointestinal mucosa. No mortality was found in any dose groups. Weight loss in methotrexate treated rats might be a reflection of direct toxicity, reduced feed and water intake and stressogenic activity, which are in agreement with earlier studies carried out by Perianayagasamy [10] and Karri and Vanithakumari [11] in their studies.
Significant decrease in RBCs counts were observed in the treatment group IV and WBC counts in group III and IV. The change in RBCs count can be attributed to ulcers in the digestive tract resulting in gradual blood loss which supports the findings of the Ohbayashi [12] . Decrease in PCV values in treatment group IV rats could be due to cytotoxic effect of methotrexate on haemopoietic system as evident from state of anemia. Similar observations of decrease in WBC counts were also made by Rofe .
[13] and Bussanich . [14] . Decreased feed consumption leading to hypoproteinemia could be another possible cause for lower haemoglobin seen in the present study. The findings of the current study are in accordance with Ohbayashi . [12] who treated mice with methotrexate at the dose of 3, 10 and 15 mg/kg for 28 consecutive days and observed decreased level of Hb and PCV in dose dependent manner. Rofe . [13] reported the hematological changes in female dark agouti rats treated with methotrexate at the dose rate of 0.5 mg/kg two intramuscular injections, 24 hours apart and observed the slight increase (but not significant) in levels of Hb and PCV.
In present study, decrease in the neutrophil count was observed with increase in lymphocyte count in high dose group. Similarly, Robert . [15] reported the systemic effect of methotrexate at the dose rate of 1.7 mg or 5 mg intraperitoneally every 48 hours in guinea pigs and observed that the differential leucocyte counts changed from 66% lymphocytes before drug administration to 90% after 2 weeks and polymorphonuclear counts dropped from 34 to 10% during this period.
In the present study, group III and IV had significant increase in the value of AST which are in accordance with the findings of Vaghasiya .
[16] who evaluated the effect of polyherbal formulation on methotrexate induced hepatotoxicity in rats at the dose rate of 1 mg/kg/p.o./week for 3 weeks and exhibited significant increase in levels of AST. Increased level of AST indicated damage caused by methotrexate toxicity to the visceral organs.
Significant increase in the value of ALT in group III and IV are in accordance with Uraz .
[17] who reported increased levels of ALT by single dose of methotrexate. Vaghasiya . [16] also reported increase in level of ALT in their study. ALT enzyme is liver specific and present in hepatocyte cytoplasm [18] . Increased ALT level in present study indicates liver damage in the rats exposed to 0.125 mg/kg b. wt/day and 0.250 mg/kg b. wt/day administration of methotrexate.
Perianayagasamy .
[10] evaluated the therapeutical effect of melatonin and glutamine against rats bone marrow toxicity induced by methotrexate in rat. Methotrexate was given in rat at the dose rate of 400 µg/150 g of body weight for 7 days and showed increase in alkaline phosphatase level. Similar observations were also made by Vaghasiya . [16] and Uraz . [17] . Increase in the level of AKP in group III and group IV indicated significant damage to the body tissues by methotrexate resulting in liberation ofAKP in serum.
In present study, there was highly significant increase in the levels of creatinine and BUN in methotrexate treated group IV, significant increase in group III and a slight but not significant increase in group II. These results indicate that the reduction in renal filtration rate can be due to toxic effect of methotrexate on kidney. This is supported by histopathological observation on kidney tissue revealing tubular degeneration and necrosis in treatment groups.
Similar findings of decrease in total protein and albumin and no significant change in globulin were also reported by Vaghasiya . [16] . Decrease in level of total protein is also in accordance with the findings of Perianayagasamy . [10] . Reduction in serum total protein and serum albumin induced by methotrexate treatment could be due to several factors like damage to liver, increased intestinal protein loss, protein-losing nephropathy and dietary protein deficiency as there was decrease in feed intake.
Al-motabagani [19] reported the histological and histochemical studies on the effects of methotrexate on the liver of adult male albino rat and showed heavy cell infiltration around the portal tract and vacuolation of the cytoplasm of hepatocyte. Vaghasiya .
[16] also showed vacuolation, degeneration of hepatocyte and mild inflammation. Asci . [20] revealed similar histopathological changes such as focal inflammatory cell infiltrations, vascular congestion, sinusoidal dilatation and granular degeneration of hepatocytes. The results of present study indicated that the methotrexate has a direct participation in liver structures alterations and causes the cytotoxicity of hepatocytes with vacuolation of hepatic cytoplasm. These types of changes in the tissues might be due to hypoxia as a result of anaemia which causes mild and easily reversible changes in parenchymatous organs.
The kidney lesions in group III and IV were in accordance with the findings of Chelab and Mazeed [21] who studied histopathological changes in kidneys due to prolonged treatment (6 months) with anticancer chemotherapeutic agent namely methotrexate and showed the damage and severe toxicity in renal convoluted tubules and glomeruli in kidneys. Histopathological findings in kidneys are in agreement with the biochemical findings like increased levels of serum creatinine, due to decrease in glomerular filtration rate of methotrexate and its metabolites from kidneys, which may lead to kidney lesions because of irritation caused by deposition of methotrexate crystal in nephrons causing the nephrotoxicity [22] .
Histopathological lesions of testes were in accordance with Arash . [23] who studied the effect of growth hormone on recovery from testicular damage induced by methotrexate in rats at the dose rate of 1 mg/kg/week intraperitoneally for 4 weeks and confirmed the destructive effects of methotrexate on testicular germinal cells with decrease in sperm count. Khulood . [24] reported significant (p <0.05) decrease in diameters of seminiferous tubules, primary spermatocytes and spermatids and increased interstitial spaces in comparison to control while studying the effects of aqueous extract of Salvia on some parameters of sperms and histopathological changes in testes of mice treated with methotrexate. Similar observations were also made by Safavi . [25] by administration of 1mg/kg methotrexate intraperitonially for 28 consecutive days in rats.
Histopathological lesions of lungs suggest that methotrexate could induce alveolar epithelial cell injury and resulted in the loss of integrity of the alveolar capillary barrier basement membranes followed by the recruitment and proliferation of myofibroblasts which may cause the thickening of alveolar septa and mononuclear cell infiltration in interstitial space. Similar observations were also reported by Ohbayashi . [12] in their study in which they treated mice with methotrexate at a dose of 3 mg/kg once a day for 21, 28, and 35 consecutive days. After 35 days, alveolar septa were increased slightly along with hyperplasia of interstitial tissue as compared with control animals.
Histopathological results of intestine were similar to the findings of Boukhettala . [9] who reported marked decrease of villous height at day four, inflammation and intestinal epithelial necrosis in the male Sprague Dawley rats which received subcutaneous 2.5 mg/kg of methotrexate for 3 days.
Methotrexate administration at recommended dosage (0.062 mg/kg/body weight) revealed no appreciable changes while high dosage (0.250 mg/kg/body weight) showed decrease in body weight and feed consumption, Hb, PCV, TEC, TLC, neutrophil counts, serum total protein and albumin values and significant increase in MCV, MCH and lymphocyte count. Significant increase in the AST, ALT, AKP, creatinine and BUN were suggestive of histopathological lesions observed in liver and kidney. Finally it can be concluded from this study that sub-acute exposure to methotrexate produced no appreciable changes at recommended 0.062 mg/kg body weight dose level. The findings observed at 0.125 and 0.250 mg/kg body weight methotrexate dose level are of public health significance and regulatory importance. This study is the major component of the work towards the M.V.Sc thesis of NNP, under the guidance of the second author DJG. NNP conducted the experimental trials and organized the manuscript and DJG thoroughly revised the same. BPJ and CJD were the members of the advisory committee for the research work. SP, PDG and JHK were responsible for the housing and management of rats and helped in post mortem examination, blood collection, serum biochemical investigation, data analysis and interpretation. All authors read and approved the final manuscript.
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